Introduction
the liver has long been thought to play the major role in drug metabolism, but intestinal metabolism was also reported first in the 1970's (14). The significance of the intestine in determining the faith of drugs is expressed by its high capacity to metabolize drugs. Several compounds, such as cyclosporine, verapamil and benzodiazepines have shown significant firstpass intestinal metabolism in vivo (4) .
A knowledge concerning intestinal drug enzymes (both phase i and phase ii enzymes) as well as transporter expression has been collected in the past years (16) . the intestinal activity of drug metabolizing enzymes have been recognized as one of the major physiological protective mechanisms toward drugs and toxic compounds. Several intact cell systems exist to study intestinal metabolism. Sub cellular human intestinal fractions like microsomes and S-9 fractions, have limited lifespan (up to 30 min) (13, 15, 19) . Moreover they lack the cell membrane transporters and often are incubated with high concentrations of cofactors. Recently, the precision-cut slice technique was applied to rat intestinal tissue (3) . this technique showed promising advantages for studying intestinal metabolism for both phase i and phase ii enzymes. A wide range of endogenous and exogenous compounds including many drugs and their metabolites are inactivated by phase ii drug metabolism enzymes UDP-glucuronyltransferase (ec 2.4.1.17) and glutathione S-transferase (EC 2.5.1.18) (GST). this has an important pharmacological implication since the activities of these enzymes are high in the small intestine (6) . it is therefore of considerable interest and importance to establish the enzyme activity of phase ii drug metabolism enzymes in intact intestinal cells in vitro.
in this study we validated the precision-cut intestinal slice method to study phase ii drug metabolism. Firstly, we characterized the viability and functionality of precision-cut intestinal slices. the viability of the slices was evaluated by measuring alkaline phosphatase (ec 3.1.3.1.) retention during a period up to 24 h of incubation.
to assess phase ii enzyme capacity, precision-cut intestinal slices from proximal jejunum were incubated with 1-naphthol (substrate of UDP-glucuronyltransferase) and 1-chloro-2, 4-dinitrobenzene (CDNB) (a general substrate for major isoforms of GSt (8) . Moreover, we prepared mucosa cells from the same proximal jejunum using the mucous scraping technique. these cells were incubated with the same substrates to assess phase ii enzyme capacity. the activity of UDP-glucuronyltransferase and glutathione S-transferase in intestinal slices and in the intestinal cells, obtained by mucosa scraping technique was assessed. this allows us to make a direct comparison between the metabolic activity of phase ii drug metabolizing enzymes in intact intestinal mucosal cells, obtained by scraping technique and in precision-cut intestinal slices in rat.
Materials and Methods

Chemicals
Dimethyl sulfoxide (DMSO), trifluoroacetic acid, low gelling temperature agarose (type Vii-A), amphotericin B solution (250 mg/ml), D-glucose, RPMI 1640 medium and gentamicin (50 mg/ml), Hepes minimum 99.5% titration (4-(2-hydroxiethyl)-1-piperazinethansulfonic acid bovine serum albumin, and CDNB (1-Chloro-2,4-dinitrobenzene) were purchased from 
Preparation of Precision-Cut slices
Preparation of slices was performed according to de Kanter (3). Small intestine was transferred to ice-cold oxygenated Krebs-henseleit buffer (containing 10 mM hePeS and 25 mM D-glucose, pH 7.4). Segments of 5 cm were excised at distinct distances from the stomach (between 25 and 40 cm) and subsequently flushed with ice-cold Krebs-Henseleit buffer.
One side of the segment was tightly closed, filled with 3% (w/v) agarose solution in 0.9% nacl (37°c) and then cooled in ice-cold Krebs-henseleit buffer, allowing the agarose solution to gel. Subsequently, the filled segment was embedded in 37°C agarose solution using a pre-cooled (0°c) tissue embedding unit (Alabama R&D, Munford, Al). After the agarose solution had gelled, precision-cut slices (thickness of 400-450 µm) were cut using a Krumdieck tissue slicer as described earlier (3).
Incubation of Precision-Cut slices
Slices were incubated individually in 12-well culture plates (AP Wyott, Baltimor, MD) in 0.5 ml of RPMi Medium with Glutamax-I, supplemented with D-glucose (final concentration 25 mM), gentamicin (final concentration 50 µg/ml), and amphotericin B (final concentration 2.5 µg/ml). The culture plates were placed in a prewarmed cabinet (37°c) in plastic boxes. Slices were incubated under humidified carbogen.
Mucosa scraping
Cells were prepared from the first 50 cm of jejunum as described by henninger et al. (7) . the small intestine was removed and each half of the gut was flushed twice with 2.5 ml water. the intestinal segment was opened lengthwise and was scraped with a glass slide to remove the mucosa plus any chyme remaining. the mucosal cells were kept in 50 mM tris buffer and used for preparation of microsomes and S-9 fractions.
Viability testing-alkaline phosphatase (aP) retention
Alkaline phosphatase is only present in the brush border of epithelial cells in the intestine. the activity retained in the slices compared with the total activity is assumed to be indicative of the viability of the epithelial cells. the precisioncut slices were incubated for 0, 2, 6, and 24 h. After incubation, the slices were taken out of the wells and placed in 1 ml of 0.05 M 2-amino-2-methyl-1-3-propanedion buffer (ph 9.8, at 4ºC) and medium and slices were stored separately at 4ºC until further analysis (17) . Slices and medium samples were homogenized by homogenization using Ultraturax homogenizer. A total of 12.5 μl of slice homogenate and 37.5 μl of medium homogenates were added to 2-amino-2-methyl-1-3-propanedion buffer (pH 9.8, at 4ºC) containing MgCl 2 (final concentration 2 mM). Subsequently, 250 μl paranitrophenylphosphate (final concentration 1.25 mM) was added (final sample volume of 1 ml). The samples were incubated for 40 min at 37ºC. The reaction was stopped by addition of 200 μl of ice cold 1n naoh. the amount of p-nitrophenol formed was measured at 405 nm. AP retention in slices was calculated as the ratio of the amount of AP activity present in the slices and total AP activity present in the slices and medium together (x 100%). experiments were performed in 3 rats in triplicate.
Assays-Spectrofluorometric assay UDP-Glucuronyltransferase activity was measured as previously described by Bock and White (1). Assays were performed at 37ºC in a total volume of 1 ml containing 0.1 M Tris-HC1 buffer pH 7.4, 5 mM MgC1 2 , 0.5 mM 1-naphthol dissolved in 0.24% (v/v) dimethyl sulfoxide and 20 mM UDP-glucuronic acid. After 2 min equilibration at 37ºC, the reaction was started by the addition of 0.1 ml cell suspension (corresponding to 1 mg protein). After 4 min incubation the reaction was stopped with 1 ml 0.6 M glycine-0.4M trichloroacetic acid buffer ph 2.2. Following centrifugation at 3000 x g for 5 min the supernatants were extracted with 15 ml chloroform to remove the unreacted naphthol. to 1 ml of the aqueous phase was added 2 ml 0.45 M NaOH to give a final pH between 10.0-10.5. The fluorescence of naphthol glucuronide was determined spectrofluorometrically using an excitation wavelength of 290 nm and an emission at 330 nm. Blank values were obtained by stopping the reaction at zero time.
assays-gst activity
GSt activity was estimated in the cytosol as detailed by habig et al. using 1-chloro-2,4-dinitrobenzene (CDNB) as a substrate (5).
assays-protein concentrations
Protein concentrations were determined according to lowry et al., using bovine serum albumin as standard (10) .
statistical analysis
Statistical significance was determined using Student's t test; p≤0.05 was considered significant.
results and discussion
Viability of Intestinal slices-alkaline Phasphatase retention AP is an enzyme released into the incubation medium after necrotic changes in the intestinal mucosal cells. AP retention was measured to assess the viability of epithelial cells of small intestinal slices in an incubation period from 2-24 h ( fig. 1) . our experiments showed that the AP enzyme activity was stable during the period up to 24 h. 100% AP retention (in absolute amount) was 20±2.3 U/slice (mean ± S.D.). AP retention was 76±5% after 2 h of incubation. the AP retention after 6 h-24 h of incubation did not significantly differ from that after 2 h of incubation. Impact of incubation time on udP-glucuronyltransferase and gst activity in precision cut intestinal slices in the preliminary experiments the metabolic rate of UDPglucuronidation of 1-naphthol was shown to be constant in the proximal segment of the small intestine. the time course of UDP-glucuronyltransferase activity in precision cut intestinal slices at a saturating concentration of 1-naphthol (0.5 mM) is shown at fig. 2a . the enzyme activity was measured during 0-4 h of incubation at the respective UDP-glucuronate levels. As it is shown, the activity of UDPglucuronyltransferase remains stable up to 4 hour of incubation (about 4.2±0.9 nmol/min/ g wet weight, 112 mg/g wet weight intestinal protein). Similarly, the activity of GST was measured during 0-4 h of incubation in precision cut intestinal slices. the results show that the activity of GSt activity remains stable up to 2 hour of incubation with slight, but not statistically different decrease after 4 h of incubation ( fig. 2b) . Comparison of udP-glucuronyltransferase and gst activity in precision cut intestinal slices and in intestinal cells obtained by "mucosa scraping" technique the metabolic activity toward the substrate 1-naphthol was assessed in slices from small intestines and from mucosa cells both prepared from rat proximal jejunum. to compare the activity of metabolically active cells in precision cut intestinal slices and cells obtained by mucosa scraping technique, metabolic activity was recalculated per milligram of epithelial protein as described by van der Kerkhof (17) . the activities of UDP-glucuronyltransferase and gluthation S-transferase were similar to those of intact cells, obtained by mucosal scraping technique in the proximal jejunum (up to 40 cm from the stomach). When the mucosal cells were scraped from a distinct part of the intestine (10-40 cm or 40-50 cm away from the stomach) we found that UDP-glucuronyltransferase activity remains relatively constant, but GSt enzyme activity showed a decreasing gradient in the cells scraped toward the colon.
intestinal drug-metabolizing enzyme activity has been recognized as one of the major physiological protective mechanisms toward xenobiotics. Recently, precision-cut intestinal slices were presented as useful tool to study intestinal metabolism (11, 17) .
the viability of the intestinal slices with special regard to the maintenance of the mucosal layer was characterized during 0-24 h of incubation. This may be important to maintain the physiological condition for the epithelial cells. the viability was studied by assessing alkaline phosphatase (AP) retention. this enzyme is abundantly present in the brush border of the small intestinal epithelial cells (18) . it was found that AP retention in the precision-cut intestinal slices was constant up to 4 h of incubation. The viability was maintained up to 24 h since the AP retention did not statistically differ from those after 4 h of incubation.
Phase ii metabolic enzyme activity of UDPglucuronyltransferase in precision-cut intestinal slices was further assessed. the rate of conjugation was assessed during the first 4 h of incubation. The substrate 1-naphthol was chosen since glucuronidation is a major pathway for its metabolism, resulting in glucuronide conjugate (1-naphthol-GLUC) detected by sensitive spectrofluorometric method (1). We found that the metabolic rate of 1-naphthol was constant during the first 4 h of incubation.
intestinal cells contain members of GSt family that catalyze the reaction of glutathione (GSh) with electrophilic compounds (2, 12) . GSt activity was studied in precision-cut lives slices, using cDnB as a model electrophile substrate, undergoing conjugation. the rate of conjugation of cDnB remains constant during the incubation period up to 4 h.
Preliminarily, we measured UDP-glucuronyltransferase and glutathione S-transferase activities in scraped mucosa cell homogenates, obtained from distinct parts of the small intestine (data not shown). in scraped mucosa cells we found a similar enzyme activity toward 1-naphtol-GlUc formation in a proximal jejunum (approximately 40 cm from the stomach). this activity was slightly increased in the distal direction toward the colon. conjugation by GSt is thought to be important in overall metabolism in small intestine (9) . We found that conjugation of the model electrophile, cDnB, showed a non significant decrease in mucosal cells, obtained from the distal part of the intestine. the observed difference in the metabolic capacity of mucosa cells from the distinct parts of small intestine could be explained by a gradient in the number of metabolizing cells. the different enzyme activity per enterocyte along the intestine could also be the reason. it was suggested that the later can be caused by gradients of transcription factors, or by differences in the presence of transporters (17) .
We showed that precision-cut intestinal slices could be valuable tool for studying phase ii drug metabolism reactions. the metabolic activities of both enzymes UDPglucuronyltransferase and glutathione S-transferase found in the precision-cut intestinal slices were comparable with those found in mucosal cells from proximal jejunum. Both intestinal preparations exhibit phase ii metabolic reactions at similar rates, but precision-cut intestinal slices have a longer life span. They remain viable up to 24 h of incubation.
Conclusions
We showed that precision-cut intestinal slices exhibit a high metabolic phase ii enzyme activity at a constant rate for at least 4 h of incubation. Precision-cut intestinal slice technique has several advantages compared with the other in vitro and in vivo methods: it is highly efficient, considering the large amount of slices that can be prepared even from small intestine tissue samples. Also in the slices, enzyme activities, cofactors and transporters are present in their physiological concentrations and slices are relatively easy to handle and process. these features make the intestinal slice system suitable to study metabolic properties, metabolic clearance, and their interactions between diet components and different drugs, with respect to the metabolism. 
